The combined effects of strength and proprioception training, especially in individuals with ankle instability, have not been studied extensively. Objective: To examine the Influence of 6 weeks of strength and proprioception training on measures of muscle fatigue and static balance in those with unilateral functional ankle instability (FAI). Design: Pretest-posttest, randomized groups. Setting: A climatecontrolled sports-medicine research laboratory. Subjects: 38 subjects witb self-reported unilateral FAL Measurements: Muscle fatigue was determined using the median power frequency {f^^^^) from an electromyographic signal, and static balance was assessed using center-of-pressure values obtained from a triaxial force plate. Results: Tbere were no significant effects of tbe strength or proprioception training on our measures of muscle fatigue and static balance. Conclusions: Strength training, proprioception training, and the combination of the 2 failed to improve postural-stability characteristics in a group of subjects with FAI.
-^^ Despite contradictory findings, the improvement or restoration of neuromuscular control has become a common component of ankle rehabilitation.^^ Although the effects of proprioception training in those with and without FAI have been investigated,^^-^•^^^'^ few have examined the effects of strength training alone-™ or the combination of both.^' In one study, 6 weeks of elastic-band strengthening significantly improved JPS in subjects with FAI.^ Proprioception exercises were not performed in that study, so comparisons between protocols could not be made. More recently, a 4-week balance-training program consisting of both static and dynamic balancing was shown to improve dynamic balance in both control and experimental groups.^' ' It has also been shown that muscle fatigue can significantly impair postural control.^^'^'' Thus, it is likely that improvements in muscle strength and endurance through training would improve stability. Generally, fatigue is considered a failure to maintain a required or expected force. It is well accepted that the inability to maintain this force is associated with changes in muscle electrical activity. Because of this, electromyography (EMG) is commonly used to assess fatigue. As a muscle fatigues, changes in EMG frequency characteristics (eg, median power frequency) that can be used to quantify the rate of fatigue occur. Whereas EMG ampHtude increases during fatigue, the median power frequency actually decreases, reflecting decreases in muscle-fiber conduction velocity.^^' ' Studies involving a combination of both proprioception and strength training in those with ankle instability have not been pursued, Thus, we set out to examine the influence of 6 weeks of strength and proprioception training on muscle fatigue and static balance in individuals suffering from unilateral FAI. We hypothesized that the subjects participating in a combined program of strength and proprioception training would show greater improvement in postural stability than any of the other groups.
Methods Design
A pretest-posttest randomized-groups design was used for this investigation. All testing was performed in a single-blind fashion, in which the examiners were unaware of which training group each subject had been assigned to. The dependent measures were static balance and muscle fatigue. The independent variables were training group, test (pretraining and posttraining), and time interval during a 1-minute single-leg stance.
Subjects
Thirty-eight male (22) and female (16) subjects (age 21.6 ± 2.9 years, height 174.1 ± 9.8 cm, mass 78.2 ± 16.6 kg) suffering from FAI volunteered to participate in this study. They were physically active, college-age individuals who were able to maintain their activity level regardless of their FAI status. Before participating, the subjects read and signed an informed-consent agreement (#2000-274) that was approved by the university's institutional review board. All subjects were examined by the same clinician and were cleared from having any mechanical instability before participating. Subjects were excluded from participation if they did not meet the stringent FAI criteria established by Hubbard and Kaminski ( Figure 1 )."
Instrumentation
Electromyography. A Myopac EMG system (Run Technologies, Laguna Hills, Galif) was used to collect the raw EMG signal. The unit specifications for the EMG included a frequency bandwidth of 10-1000 Hz, CMRR 110 dB, input resistance of 1 MW, and a sampling rate of 2000 Hz. After sampling, EMG data underwent an analogue-to-digital conversion and were stored on a PG-type computer using the DATAPAG 2000 (Run Technologies) analogue data-acquisition, -processing, and -analysis system.
Force Plate. Deviation from the center of pressure (GOP) was measured at a frequency of 50 Hz using a triaxial force plate (Bertec Gorp, Golumbus, Ohio). The force plate uses a series of force transducers to record the groundreaction force and its point of application, or GOP. The raw signals from the force plate underwent an analog-to-digital conversion and were stored on the same PG-type computer using the DATAPAG 2000 software mentioned previously.
Measurements
Muscle Fatigue. We examined muscle fatigue using the median power frequency (/^^j) of the EMG signal. It is well accepted that muscle-fiber propagation velocity decreases with fatigue.-^^ As the propagation velocity slows, there is a shift in the EMG-signal power spectrum and a decrease in the median frequency of that spectrum. Thus, an observed decrease in the/^.j would indicate muscle fatigue. To begin this procedure, each subject's skin was shaved and cleaned with isopropyl alcohol to reduce skin impedance. Immediately afterward, bipolar 1-cm Ag/AgGI surface electrodes were placed in parallel with the muscle fibers at a midpoint between the motor point and the musculotendinous junction of the tibialis anterior (TA) and peroneus longus (PL), with an interelectrode distance of 1.5 cm. All electrode placements were confirmed with manual muscle testing and checked for cross-talk with real-tin^e oscilloscope displays.
Once electrode placements were confirmed, we positioned the subjects in a double-leg stance with the test leg centered on the force plate. We then instructed them to keep their hands on their hips and focus on a visual target aligned at eye level 2 m in front of the platform while they assumed a single-leg stance and maintained balance for 60 seconds. If at any time a subject lost balance and touched the other foot down, he or she was told to immediately return to the test position. values for each 5-second interval during the 60-second collection period were obtained from the DATAPAC 2000 software and recorded. Because there are a number of variables that can affect the raw EMG signal, a general representation of the signal must contain a formulation that allows a comparison between different individuals and testing sessions. This is commonly achieved by normalizing the variables of the EMG signal with respect to their maximal measurable value in a particular experimental procedure. For the current investigation, we normalized the /^f rom each of the 5-second intervals to the/^,_^ of the first 5-second interval, which we considered the nonfatigued, or baseline, interval. Thus, the data for the final 11 intervals (5 through 60 seconds) were calculated relative to the first 5-second interval and used for statistical analysis.
Static Balance. Static balance was assessed during the same single-leg stance using the Bertec triaxial force plate. COP (point of application of the ground-reaction vector) can be directly related to the motion of body center of mass, or body sway (postural stability or balance). As the body center of mass deviates (as the body sways), the COP also deviates. Thus, the amount of deviation from the mean COP (measured in centimeters) provides a measure of motion of the body center of mass and a quantification of body sway. The mean migration of the COP over the base of support in the anterior/posterior and medial/lateral directions and the mean overall deviations from COP (calculated using the average length of the diagonal or hypotenuse between each COP point and the mean COP) were obtained from the force-plate module of the DATAPAC 2000 software. Static balance was assessed in 2 ways. Eirst, a mean COP was calculated for the entire 60-second collection period, and the mean deviation from that center point was detennined for each direction and used in the statistical analysis. Second, a mean COP was calculated for each 5-second interval of the 60-second period. The mean deviation for each direction that occurred during that interval was then determined and used in the analysis. This was done to provide a way to observe changes in balance over the course of the 1-minute period.
Training Protocols
Subjects were randomly assigned to 1 of 4 treatment groups: strength training (S), proprioception training (P), strength and proprioception training (SP), and control. The S group participated in 6 weeks of plan tar-flexion, dorsiflexion, inversion, and eversion strength training using Theraband® (Hygenic Corp, Akron, Ohio) elastic bands. The P group participated in 6 weeks of proprioception training that involved T-band kicks. The SP group performed a combination of both training protocols, whereas the control group refrained from all formal ankle training. The S and P protocols were based on common clinical practice and experiences; each protocol involved the application of ordinary strength and proprioception rehab techniques. All 3 training groups exercised 3 times a week for 6 weeks. The time spent in each session, however, varied according to group. All subjects trained using their EAI ankle only, and each training session was supervised by a member of the research team. Subjects assigned to the control group refrained from any ankle training during the 6-week period.
Stretigth Training. The S group trained using a progressive resistance protocol utilizing Theraband elastic bands. Subjects progressed weekly in sets and/or resistance throughout the training period ( Table 1 ). The strength-training session was performed with the subject seated on the floor with the knee extended. The elastic bands were doubled and attached to a hook on the wall. The looped end was secured to the foot while the subject performed the plantar-flexion, dorsiflexion, inversion, and eversion motions. Subjects were instructed to concentrate on performing only the movements at the ankle joint and not add any extraneous movements from either the knee or the hip joint. The training resistance was determined by calculating 70% of the resting length of the doubled Theraband elastic band. This distance was then added to the resting length of the band and a subsequent mark placed on the floor, to which the elastic band had to be stretched for the subject to perform the exercise routine. Regardless of the color (resistance) of the band, all strength-training exercises were performed with the bands elongated to 70%. This protocol was designed to ensure that all subjects trained with a consistent and progressive amount of resistive force. Using a set/rep protocol similar to that described by Docherty et al,^" each subject performed 10 reps per set and progressed uniformly throughout the 6-week training period.
Propriocqition Training. The P group trained using a progressive protocol with Theraband elastic bands. A T-band-kicks protocol modified from that originally described by Tomaszewski^^ was used in our study. The elastic bands were attached to a hook on the wall but were not double looped like the bands that were used in the S protocol. The subject placed the uninvoived foot through the loop in the band opposite the loop attached to the wall. The subject then stood barefoot while balancing on the EAI ankle. The uninvoived foot was used to perform the kicking motions only. The kicking motions consisted of short, quick oscillations. Consistency of oscillations was controlled by having the subject perform the T-band kicks to the beat of a metronome set at 80 beats/min. While balancing on the FAI ankle, the subject was then asked to perform 2 sets of 25 T-band kicks in 4 different directions of hip motion (flexion, extension, abduction, and adduction). If subjects were able to complete 2 sets of 25 reps in each direction without losing balance or touching the uninvoived foot to the ground, they would increase the resistance (color) of the elastic band at their next training session. All subjects began using the red-color Theraband. Once a subject reached the highest resistance (gold color), repetitions were increased by 10 if further progression was necessary.
CoDibined Training. Subjects in the SP training group performed the S and P exercise protocols in conjunction with one another. As expected, this training session required more time on the part of the subjects to complete the entire routine. The order of training (strength vs proprioception) was randomized at each session.
Procedures
On reporting to the athletic training/sports-medicine research laboratory, each subject completed a questionnaire detailing his or her activity level and demographic information. We then assessed the subjects for TA and PL muscle fatigue and static balance while they performed a single-leg stance on the unstable limb for 60 seconds. After testing, we randomly assigned each subject to 1 of the 4 groups. If assigned to one of the training groups, subjects trained 3 days per week for 6 weeks. Immediately after the training period, the subjects returned and were reassessed using a protocol identical to the one used during pretesting.
Statistical Analysis SPSS® 10.0 for Windows® (SPSS, Inc, Chicago, 111) was used for statistical analysis. An alpha level of P < .05 was set a priori for all analyses. Six mixeddesign analyses of variance (ANOVAs) with repeated measures were used to determine whether there were differences between pretest and posttest n:\easures for deviation from COP (cm). Three 4x2 mixed-design ANOVAs were used to analyze the dependent measures involving a single COP measure over the entire 60-second period. The between-subjects factor for those analyses was group status (S, P, SP, or C), and the within-subject factor was test (pre vs post). Three 4 x 2 x 12 mixed-design ANOVAs were used to analyze the COP measures involving the 5-second time intervals. In addition to the factors used in the previously mentioned ANOVA, a second within-subject factor, time (twelve 5-second intervals), was added. Two 4 X 2 X 11 mixed-design ANOVAs were used to determine whether there were differences between pretest and posttest measures for/^^^,. The between-subjects factor was group status (S, P, SP, or C), and the withinsubject factors were test (pre vs post) and time (eleven 5-second intervals). Tukey's honestly significant difference (HSD) post hoc analyses were used to examine differences of interest.
Results

Muscle Fatigue
Peroneus Loti<?us. Normalized f , values for the PL can be found in Tables 2(a) and 2(b) . No significant test (P = .418) or group (P -.594) main effects were observed, but a significant time main effect was observed (P -.024); the/_^^^ during the final time interval (93.26 ± 19.97%) was significantly less than the/^^ during the initial time interval (99.65 ± 15.52%). Likewise, a significant Test X Time interaction (P -.028) was observed for the PL; the/^_^ progressively decreased during the 60-second static-balance test at pretesting and at posttesting (Table 2 ), but the decline only reached significance during pretesting. The Tukey HSD post hoc analysis determined that a difference of 9.17% w^as required for statistical significance. Training had no effect on this measure-no significant Group x Time (P = .807), Group x Test (P = .269), or Group X Test X Time (P = .559) interactions were observed.
Tibialis Anterior. Normalized/^^ values for the TA can be found in Tables  3(a) and 3(b) . No significant testT? = .877), time (P -.124), or group (P = .695) main effects and no significant Group X Time (P -.117) or Group X Test (P -.346) interactions were observed. Unlike the PL, no significant changes in/^^ (P -.418) were observed for the TA during the 60-second static-balance test at both pretesting and posttesting. Likewise, no significant changes were observed from pretraining to posttraining, regardless of group (P = .325).
Static Balance
There was only 1 occasion when a subject lost balance and touched the other foot down. This occurred during pretesting, and the subject was randomly assigned to the P group. Removing this subject's data did not affect the results, so the data were included in the analyses. At no other time during pretesting or posttesting did a subject lose balance to the extent that the other foot touched down.
Anterior/Posterior. No significant test (P = .964) or group (P = .598) main effects were observed for anterior and posterior deviation from COP when the means over the entire 60-second balancing period were analyzed. Training also had no effect on this measure; the Group X Test (P = .734) interaction failed to be significant (Table 4) . Likewise, no significant test (P = .591), time (P -.365), or group (P = .669) main effects were observed when the 60-second period was separated into 5-second intervals and analyzed using a second within-subject variable of time. Training had no effect on this measure either; no significant Group X Test (P = .172), Group X Time (P -.967), Test X Time (P -.254), or Group X Test X Time (P -.358) interactions were observed (Tables 5[al and 5Ib] ). Medial/Lateral. No significant test (P = .178) or group (P -.911) main effects were observed for medial and lateral deviation from COP when the means over the entire 60-second balancing period were analyzed. Training also had no effect on this measure; the Group X Test (P = .352) interaction was not significant (Table 6 ). Likewise, no significant test (P = .746), time (P =.871), or group (P -.308) main effects were observed when the 60-second period was separated into 5-second intervals and analyzed using a second within-subject variable of time. Training had no effect on this measure; no significant Group X Test (P -.307), Group x Time (P -.653), Test X Time (P -.884), or Group X Test X Time (P = .175) interactions were observed (Tables 7ta] and 
7Ib]).
OveraU. No significant test (P = .681) or group (P -.713) main effects were observed for deviation from COP in all directions when the means over the entire 60-second balancing period were analyzed. Training also had no effect on this measure; the Group x Test (P -.737) interaction failed to be significant (Table 8) . Likewise, no significant test (P = .591), time (P = .565), or group (P -.669) main effects were observed when the 60-second period was separated into 5-second intervals and analyzed using a second within-subject variable of time. Training had no effect on this measure; no significant Group X Test (P = .172), Group x Time (P = .967), Test X Time (P = .254), or Group X Test X Time (P = .358) interactions were observed (Tables 9ta] and CTl CO CO CO 
Discussion
Neuromuscular training has become a major component of ankle rehabilitation. Although numerous rehabilitation protocols have been developed and used clinically, few have been shown to be effective through scientific investigation. Table 10 provides a summary of studies investigating the efficacy of these training protocols. For the present investigation, we hypothesized that fatigue would be reduced and static balance would improve after 6 weeks of intensive strength and proprioception training. We had further hypothesized that this improvement would be greatest in the SP group. This did not occur; none of the groups showed improvement on either of the variables assessed. We only used 1 trial of the single-leg-stance test at pretesting and at posttesting. Had we used multiple trials and taken the means of those trials, the results might have been different, but it is possible that a learning or practice effect would result in an improved balance on consecutive trials (this has been shown to be a source of intrasubject variability).^** Likewise, it is possible that fatigue would result in an impaired balance on consecutive trials." Thus, we thought that using only 1 trial would eliminate confounding variables and provide us with the information needed for this investigation. Theraband resistance training and T-band kicks are commonly used to improve strength and proprioception during rehabilitation of the unstable ankle.^^•^'' ' •^^' •' ' ' *' ' ' " Thus, the training protocols used in the present investigation were primarily chosen based on clinical practice. One of the greatest difficulties we encountered in developing our training protocols is the lack of objective evidence that supports the use of elastic-band resistance training. The material properties of Theraband have been examined in order to quantify the amount of force that is applied with a given color and length.*' This has enabled therapists and clinicians to develop strength and proprioception training protocols with a more objective method of resistance 
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• progression. Docherty et al^ used this principle and reported improvements in eversion and dorsiflexion strength after 6 weeks of progressive elastic-band training. As in our study, their subjects had a history of unilateral FAI. In addition, their subjects demonstrated improvements in JPS measures, a finding they attributed to enhancements in muscle-spindle activity. We did not assess jPS in the present investigation but did assess postural stability, another measure of neuromuseular control. Although we used a strength-training protocol similar to Docherty's, improvements in postural stability were not observed. It is difficult to make comparisons between the 2 studies, however, because of the differing measures of neuromuseular control. The exercises we used during strength training and those used by Docherty employed open kinetic chain movements. Thus, the motions were limited to the ankle and were identical to those used during JPS testing. We would expect greater improvements to occur when testing is performed in a similar manner as training. Our postural stability test was performed in the closed kinetic chain position and required hip and knee, as well as ankle, stability. It is possible that the single-leg-stance test we used was not sensitive enough to detect isolated improvements in ankle function achieved through open kinetic chain strength training. Improvements would have been expected after proprioception training, however, which was performed in a closed kinetic chain position similar to testing. This did not occur. One explanation for this might be a lack of deficit. We did not assess the unaffected limb in our subjects. Thus, we are unsure if there were deficits when the subjects balanced on the unstable ankle as compared with the healthy ankle. Some authors have reported deficits in postural stability when comparing subjects' unstable and healthy but others have not.'''-^ Furthermore, impairments in TA and ot been reported in those with FAI. To our knowledge, the EMG-frequency characteristics of the TA and PL have not been investigated in that population. Thus, it is possible that we did not observe sig- It is important to note that the sensitivity of this type of testing in detecting these deficiencies remains largely unknown at this time.
The efficacy of the T-band-kick exercise has also been previously investigated.^***" In a comparison of exercises developed to enhance neuromuseular function, Cordova et al^' observed greater EMG activity in the PL and TA when the subjects performed T-band kicks. Unfortunately, measures of neuromuseular function were not assessed in that study. Baker et al,^' however, examined the effects of a 6-week T-band-kick training protocol on postural sway. Their protocol consisted of performing the kicks with the eyes open and progressing to eyes closed with repetitions that ranged from 30 to 50. They concluded that the resistive-tubing kicks did not significantly improve postural sway and suggested that a greater intensity of training might be necessary. The repetitions were increased over the course of the study; they began with 30 repetitions during week 1 and progressed to 50 repetitions during week 6, while the resistance remained the same throughout the protocol. In the present investigation, we progressively increased the resistance (changing the color of the band) while the repetitions remained constant. We thought that this intensity would be greater than that used in the Baker et aP'' study. Like that study, however, training had no effect on postural stability. Observations by Chong et al" suggest that improvements in postural stability cannot be explained by improvements in ankle strength and proprioception alone and are likely the result of improvements in other body segments such as the knees, hips, spine, and upper extremities. Thus, rehabilitation protocols targeting only the ankle might not be as effective for improving postural stability.
It might also be suggested that the 6-week duration of our training protocol was not sufficient for noticeable effects to occur. Likewise, a training frequency of 3 days per week might also be insufficient. Por example, shorter training protocols (4 weeks) have been previously shown to have no effect on postural stability in healthy subjects *^ and subjects suffering from PAL*" Blackburn et al,^' however, theorized that a combination of strength and proprioception training would provide a greater stimulus for enhanced neural adaptation during a brief 6-week period than either type of training alone. This was partially supported in that they observed improvements in dynamic stability after training, but improvements were also observed after strength and proprioception training alone. Purthermore, like our study, no improvements in static balance were observed. We did not assess dynamic balance in the present investigation, so it is unknown whether or not improvements occurred. As mentioned previously, Docherty observed significant improvements in JPS after 6 weeks of strength training. It is possible that our single-leg-stance test was more difficult than the openchain repositioning used in that study. Thus, the 6-week training protocol was not sufficient to produce remarkable changes. Had our protocol been longer, had a greater frequency, or a combination of the 2, changes n:\ight have been observed. Once again, it is important to note that the sensitivity of the deviation from COP measure in detecting changes that might occur after only 6 weeks of training remains unknown at this time.
Other types of neuromuseular training have been shown to help improve neuromuseular control.^'^^'^'"^^ Bemier and Perrin'^'' developed a protocol specifically for balance and coordination training and observed conflicting results after 6 weeks of training. Their subjects, who were also suffering from PAI, showed improvements in static and dynamic balance when assessed with their eyes closed and open, respectively, but static balance assessed with the eyes open and dynamic balance assessed with the eyes closed did not improve. No changes in JPS were observed, either. Sheth et aP demonstrated that 8 weeks of ankle-disk training influenced reaction times of selected muscles during a simulated ankle sprain. Unlike in the present investigation, the subjects in that study were not suffering from any type of ankle instability. Likewise, static stability was not assessed, so it is difficult to compare their results with ours. Nonetheless, in similar studies, subjects with PAI experienced improved postural sway after 8 weeks"^^ and 10 weeks^** of ankle-disk training. This type of training has also been shown to decrease postural sway in healthy subjects.^"^ It is possible that the type of training used in these other studies provided a greater stimulus for stability improvements than the protocols we used in the present investigation. Our subjects were suffering from PAI but were not in an acute stage after injury at the time of the testing and training. Thus, the elastic-band strengthening and proprioception exercises nright have provided only a modest stimulus for adaptation. Had our subjects been in the early stages of rehabilitation, the exercises would have been more challenging, and remarkable changes might have occurred.
In conclusion, strength training, proprioception training, and a combination of the 2 failed to improve postural stability in subjects suffering from PAL This study adds to an already conflicting body of literature regarding optimal treatment protocols for this condition. It would be of benefit for future studies to investigate the effects of these protocols during the more acute stages of injury (once the subject has achieved full weightbearing ability). It would also be of benefit to examine the effects of more strenuous training protocols when the subjects are beyond the acute stage.
